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(57) ABSTRACT

A drive train for a motor vehicle has an internal combustion
engine and a hydraulically shiftable transmission unit. The
input of the transmission can be connected via a clutch
arrangement to a crankshaft of the internal combustion
engine. The output of the transmission can be connected to
driven wheels of the motor vehicle. The crankshaft is con-
nected to a pump shaft which drives a pump arrangement for
ahydraulic arrangement, by means of which the transmission
unit is shifted and/or lubricated. The pump shaft is connected
to an electric machine. The pump shaft is connected to the
crankshaft via a constrained motion mechanism. The electric
machine is arranged in the axial direction between the con-
strained motion mechanism and a pump of the pump arrange-
ment.

25 Claims, 2 Drawing Sheets
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1
HYBRID DRIVE TRAIN

CROSS REFERENCES TO RELATED
APPLICATIONS

This application claims the priorities of German patent
application 10 2011 013 891.9 filed on Mar. 8, 2011 and
German patent application 10 2011 102 789.4 filed on May
26,2011. The entire contents of these priority applications are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a drive train for a motor
vehicle, having an internal combustion engine and a hydrau-
lically shiftable transmission unit, the input of which can be
connected via a clutch arrangement to a crankshaft of the
internal combustion engine and the output of which can be
connected to driven wheels of the motor vehicle, the crank-
shaft being connected, furthermore, to a pump shaft which
drives a pump arrangement for a hydraulic arrangement, by
means of which the transmission unit is shifted and/or lubri-
cated, and the pump shaft being connected, furthermore, to an
electric machine.

A drive train of this general type is known from document
DE 43 42 233 B4.

This document discloses an oil-pump drive device having
an electric motor which can be connected via a first one-way
clutch to a drive shaft of an oil pump, and having a machine
which can be connected via a second one-way clutch to the
drive shaft of the oil pump, the type of connection depending
on the rotational speed of the output shaft of the machine.

Further arrangements for driving transmission oil pumps
are known from documents DE 103 29215 A1 and DE 102 51
042 Al

In the drive train which is mentioned in the introduction,
the electric machine can serve, for example, to drive the pump
arrangement for the hydraulic arrangement when the internal
combustion engine is not running, for example during start/
stop operation of the motor vehicle. In this case, it is possible,
for example, to supply the transmission unit with lubricating
oil via the pump arrangement which is driven in this way.

The oil-pump drive device which is disclosed in document
DE 43 42 233 B4 has a relatively complex construction, since
the electric machine is to be connected to the pump shaft from
outside a housing of the transmission unit.

SUMMARY OF THE INVENTION

Against the above background, it is an object of the inven-
tion to specify an improved drive train for a motor vehicle.

According to a first aspect of the present invention, this
object is achieved in the drive train which is mentioned in the
introduction by virtue of the fact that the pump shaft is con-
nected to the crankshaft via a constrained motion mechanism,
the electric machine being arranged in the axial direction
between the constrained motion mechanism and a pump
arrangement.

In this embodiment, the electric machine can be integrated
into the drive train in a structurally simple manner. In particu-
lar, the electric machine can be arranged within a housing of
the transmission unit.

The electric machine is preferably configured as a brush-
less electric machine, in particular as a permanently excited
DC machine. Furthermore, it is preferred if the electric
machine is combined with a sensorless actuating logic unit,
for example via what is known as the back EMF method.
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According to a second aspect of the invention, the above
object is achieved in the drive train which is mentioned in the
introduction by virtue of the fact that the electric machine is
arranged coaxially with respect to the pump shaft.

As a result, it is possible firstly to provide a radially com-
pactarrangement. It is preferred here if the electric machine is
configured as what is known as a torque motor, by way of
which a relatively high torque can be generated, with the
result that it is not necessary to drive the pump shaft via a gear
ratio.

According to a third aspect of the present invention, the
above object is achieved in the drive train which is mentioned
in the introduction by virtue of the fact that the pump arrange-
ment has a first pump which is connected to a first hydraulic
system for the clutch arrangement and a second pump which
is connected to a second hydraulic system for the transmis-
sion unit.

This preferred embodiment makes it possible to use the
electric machine to drive not only a hydraulic system for the
transmission unit, but rather also a hydraulic system for the
clutch arrangement. Here, the hydraulic system for the clutch
arrangement can be designed for relatively high pressures,
since the hydraulic system is preferably designed for closing
and for opening the clutch arrangement.

It is particularly advantageous here if the electric machine
is arranged in the axial direction between the first pump and
the second pump.

As a result, an axially compact design can be realized.
Furthermore, high modularity is provided by this design,
since the electric machine has to be installed only in drive
trains of the type in which this is necessary. An electric
machine of this type is optionally not necessary in other types
of drive trains, in which, for example, the transmission unit is
actuated electromechanically.

Overall, it is preferred, furthermore, if the crankshaft is
connected to the pump shaft via a first freewheel.

If the pump shaft is driven by electric motor, it can be
avoided as a result that the internal combustion engine is also
moved in a coupled manner.

It is preferred in a corresponding way if the electric
machine is connected to the pump shaft via a second free-
wheel.

As aresult, it is possible to drive the pump shaft by internal
combustion engine, without a rotor of the electric machine
also being moved in a coupled manner.

According to a fourth aspect of the present invention, the
above object is achieved in the drive train which is mentioned
in the introduction by virtue of the fact that the drive train is
configured as a hybrid drive train which has an electric drive
machine for driving the motor vehicle.

Here, the electric drive machine is preferably attached to
the drive train in such a way that driving operation purely by
electric motor is possible.

In this embodiment, the lubrication of gear sets of the
transmission unit and/or the actuation of clutches of the trans-
mission unit can take place independently of the operation of
the internal combustion engine even when drive purely by
electric motor is set up.

Itis particularly preferred here if the electric drive machine
is connected to the output of the transmission unit.

As a result, firstly the electric drive machine can be
attached to the drive train simply. Since electric machines
operate over a large rotational speed range, it is not absolutely
necessary to connect the electric drive machine to the input of
the transmission unit.

Since the peculiarity occurs in this embodiment that the
transmission input is at a standstill during electric driving
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operation, the problem arises that a lubrication of the trans-
mission is possible only via an electric machine which is
connected to the pump shaft.

The electric machine can be configured structurally in dif-
ferent ways. For example, the electric machine can be con-
figured in a shrunk-on-disc rotor design.

According to one preferred embodiment, the electric
machine is configured as an internal-rotor machine.

Here, the arrangement of the rotor can be shielded satis-
factorily with respect to the surroundings.

According to an alternative preferred embodiment, the
electric machine is configured as an external-rotor machine.

The drive train can be set up as a drive train with an
automated change-speed transmission or with a manual
change-speed transmission, but is preferably configured as a
dual clutch transmission.

Overall, it is preferably achieved that, in a drive train of the
type denoted above, extended functionalities of the transmis-
sion in the electric drive mode, in particular shifting opera-
tions in the transmission unit, are made possible by the addi-
tional driving of the pump arrangement by means of an
electric machine. The drive of a gear oil pump can also be
integrated.

As a result of the pump shaft which is driven by electric
motor, it is also possible, for example, to actuate a parking
lock of the transmission unit, which parking lock can be
unlocked hydraulically, even if the internal combustion
engine is not in operation. A change of the hydraulic trans-
mission actuator system is not then necessary.

The additional drive by means of the electric machine can
ensure the hydraulic pressure supply, in order that at least
some functionalities of the hydraulically shiftable transmis-
sion unit are also possible in electric driving operation, in
particular downshifts into lower gears, in order to make the
next driving-off operation with the internal combustion
engine possible, more comfortable starting of the internal
combustion engine by closing the clutch arrangement, etc.

Furthermore, the lubricating-oil supply of the gear sets of
the transmission unit can also be undertaken as a result. To
this extent, the transmission unit does not have to be modified
with respect to other drive trains, in which electric driving
operation is not set up.

Furthermore, it is possible to augment conventional drive
trains with an additional electric-motor drive of this type for
the pump shaft, to be precise in the context of an existing
transmission package. This results in identical transmission
performance during internal combustion engine operation.
High additional functionality is provided with few additional
components.

The lubrication of gear sets of the transmission unit can
take place, furthermore, by an independent electric pump
which can therefore be set according to requirements and can
improve the degree of efficiency of the overall system. In this
case, the electric machine would only drive a pump for shift-
ing the transmission unit.

Any two, three, or four of the above four aspects of the
invention can be combined with each other.

It goes without saying that the features which are men-
tioned in the above text and those which are still to be
explained in the following text can be used not only in the
respectively specified combination, but rather also in other
combinations or on their own, without departing from the
scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention are shown in the
drawing and will be explained in greater detail in the follow-
ing description. In the drawing:
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FIG. 1 diagrammatically shows a first embodiment of a
drive train according to the invention,

FIG. 2 shows a partial sectional view of a pump shaft with
an electric machine, as can be used in the drive train of FIG.
15

FIG. 3 shows a partial sectional view of a further embodi-
ment of a pump shaft with an electric machine of external-
rotor design, and

FIG. 4 shows a partial sectional view of a pump shaft with
an electric machine of internal-rotor design.

DESCRIPTION OF PREFERRED
EMBODIMENTS

In FIG. 1 a drive train is denoted generally by 10, which
drive train serves to drive a diagrammatically shown motor
vehicle 12.

The drive train has an internal combustion engine 14 and a
hydraulically shiftable transmission unit 16. The transmis-
sion unit 16 can be configured, for example, as a multi-step
transmission of counter-shaft design. It can be a single trans-
mission or the two component transmissions of a dual clutch
transmission. The transmission unit 16 has an input 18 and an
output 20. The output 20 is connected via a differential gear
mechanism 22 to driven wheels 231, 23R ofthe motor vehicle
12.

Furthermore, the drive train 10 has a clutch arrangement 24
which connects the input 18 of the transmission unit 16 to a
crankshaft 26 of the internal combustion engine 14. The
clutch arrangement 24 can be a single wet-running or dry
friction clutch which can be automatically operated, for
example, so as to slip. In the case of the integration of a dual
clutch transmission, the clutch arrangement 24 can also be a
dual clutch arrangement, with the result that the input 18 of
the transmission unit 16 has two shafts.

Furthermore, 28 indicates an electric drive machine which
is connected to the output 20 of the transmission unit 16. As an
alternative, the electric drive machine 28 can also be con-
nected to the input 18 of the transmission unit 16, as is shown
using dashed lines.

In the drive train 10, it is firstly possible to drive the motor
vehicle 12 purely by internal combustion engine, the clutch
arrangement 24 being closed and a gear stage being engaged
in the transmission unit 16. Furthermore, it is possible to drive
the motor vehicle 12 purely by electric motor if, for example,
the friction clutch arrangement 24 is open and the electric
drive machine 28 transmits a drive moment to the output 20 of
the transmission unit 16. Here, a gear stage can be engaged in
the transmission unit 16 or else not. It is preferable that no
gear stage is engaged, in order to avoid unnecessary masses
also being moved in a coupled manner.

Ifthe electric drive machine 28 is connected to the input 18
of'the transmission unit 16, the friction clutch arrangement 24
is likewise open during operation purely by electric motor, but
a gear stage is engaged in the transmission unit 16.

Furthermore, the drive train 10 has a hydraulic arrange-
ment 30 which has a first hydraulic system 32 and a second
hydraulic system 34. The first hydraulic system 32 serves to
actuate the friction clutch arrangement 24. The second
hydraulic system 34 serves firstly to actuate clutches of the
transmission unit 16 and to lubricate gear sets of the trans-
mission unit 16. Furthermore, the second hydraulic system 34
can also serve to engage and disengage a parking lock
arrangement 36.

It is also possible in general that the first hydraulic system
32 is designed for actuating the clutches of the transmission
unit 16 and/or the parking lock arrangement 36. In this case,
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the second hydraulic system 34 serves solely for lubricating
the gear sets of the transmission unit 16.

The crankshaft 26 (or the input 18 of the transmission unit
16) is connected via a first freewheel 39 to a pump shaft 40 via
a constrained motion mechanism 38 such as a constant gear
set, a friction wheel set, a toothed belt drive or chain drive.
When the internal combustion engine 14 is in operation, the
pump shaft 40 is driven via the freewheel 39.

When, in contrast, the pump shaft 40 is driven in a different
way, the internal combustion engine 14 is not moved in a
coupled manner.

The pump shatt 40 is divided into a first part shaft 42 and a
second part shaft 44 which are connected fixedly to one
another so as to rotate together via a diagrammatically shown
plug-in connection 45.

The first part shaft 42 is connected to an output of the first
freewheel 39. A first pump 46 for supplying the first hydraulic
system 32 is arranged on the first part shaft 42 and/or is driven
by the latter. The first pump is preferably arranged concentri-
cally with respect to the first part shaft 42.

Furthermore, a second pump 48 is arranged on the second
part shaft 44 and/or is driven by the latter. The second pump
48 is preferably likewise arranged concentrically with respect
to the second part shaft 44 and serves to supply the second
hydraulic system 34 with fluid.

An electric machine 50 is arranged concentrically with
respect to the pump shaft 40 in the region between the two
pumps 46, 48. The electric machine 50 has a stator 52 which
is for example configured as an internal stator and is con-
nected rigidly to a housing 54 (for example, a transmission
housing).

Furthermore, the electric machine 50 has a rotor 56 which
is configured for example as an external rotor and is con-
nected via a second freewheel 58 to the pump shaft 40, more
precisely the second part shaft 44.

Here, the electric machine 50 is preferably arranged on the
second part shaft 44.

In the case of drive purely by electric motor, by means of
the electric drive machine 28, the friction clutch 24 is as a rule
open and the internal combustion engine 14 is at a standstill.
In this case, the electric machine 50 is actuated as a motor for
driving the pump shaft 40. Here, moving of the internal com-
bustion engine 14 in a coupled manner is prevented on
account of the freewheel 39. If, on the contrary, the drive train
10 sets up driving operation by internal combustion engine,
the pump shaft 40 is driven by means of the internal combus-
tion engine 14 via the first freewheel 39. Here, the rotor 56 is
not moved in a coupled manner, on account of the second
freewheel 58.

The embodiment of FIG. 2 shows a detail of adrive train 10
including a pump shatt 40. Here, the general construction and
the general method of operation correspond to the arrange-
ment of the pump shaft 40 of FIG. 1. Identical elements are
therefore denoted by identical reference numerals. In the
following text, substantially the differences and/or refine-
ments will be explained.

A drive gear of the constrained motion mechanism 38 is
connected to the first part shaft 42 via the first freewheel 39.
Furthermore, the drive gear of the constrained motion mecha-
nism 38 is mounted rotatably on the first part shaft 42 via a
first bearing 62.

At its other end, in the region of the plug-in connection 45,
the first part shaft 42 is mounted rotatably on a housing 54 by
means of a second bearing 64. The rotor 56 has a bearing
sleeve 66 which points in the direction away from the con-
strained motion mechanism 38 and by means of which the
external rotor 56 is mounted rotatably on the second part shaft
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44 via a third bearing 68 and a fourth bearing 70. Here, the
second freewheel 58 is arranged between the third bearing 68
and the fourth bearing 70.

The stator 52 which is fixed on the housing 54 is mounted
rotatably on the second part shaft 44 via a fifth bearing (for
example, a needle bearing). Furthermore, on that side of the
electric machine 50 which faces the constrained motion
mechanism 38, the stator 52 is connected to a radially extend-
ing stator carrier 74, by means of which the stator 52 is fixed
on the housing 54.

Furthermore, it is shown that the first pump 46 is arranged
on the first part shaft 42 in the region between the constrained
motion mechanism 38 and the second bearing 64. The plug-in
connection 45 is arranged in the axial direction approxi-
mately between the second bearing 64 and the electric
machine 50.

The following FIGS. 3 and 4 show two alternative embodi-
ments of electric machines 50' and 50" which can be con-
nected in each case to a pump shaft 40, as is shown in FIG. 2,
for example.

Just like the electric machine 50 of FIG. 2, the electric
machine 50' which is shown in FIG. 3 is configured as an
external-rotor machine. The general construction and the
method of operation are generally identical to those in the
embodiment of FIG. 2. Identical elements are therefore pro-
vided with identical reference numerals. Substantially the
differences will be explained in the following text. For
instance, in the electric machine 50' of FIG. 3, the rotor 56' is
fixed on a rotor drum 60 which has the bearing sleeve 66.
Permanent magnets 61 of the rotor 56' are fixed on the rotor
drum 60. The rotor drum 60 is mounted in the region of the
bearing sleeve by means of an individual bearing (fourth
bearing 70) which is axially adjacent to the second freewheel
58. Furthermore, adjacently to the housing 54, the rotor drum
60 is mounted radially on the stator carrier 74, to be precise by
means of a sixth bearing 78.

The second part shaft 44 is mounted radially within a
carrier sleeve 76 of the stator carrier 74 by means of two fifth
bearings 72a, 725, the carrier sleeve 76 being a sleeve-shaped
extension of the stator carrier 74.

FIG. 4 shows an electric machine 50" of internal-rotor
design. With regard to the construction and function, said
electric machine 50" corresponds generally to the above-
described figures. Identical elements are therefore provided
with identical reference numerals. Substantially the differ-
ences will be explained in the following text.

For instance, a rotor shaft 80 is arranged coaxially with
respect to the pump shaft 40 and is mounted firstly by means
ofabearing 724" on a stator carrier 74' and secondly by means
of a further bearing 724" on a stator housing 82 which is
connected to the stator carrier 74'. The bearing sleeve 66" is
connected to the rotor shaft 80 and extends in the axial direc-
tion out of the stator housing 82. As a result, a radially com-
pact design can be achieved, in particular when the bearing
sleeve 66" has a greater external diameter than the rotor shaft
80.

What is claimed is:

1. Drive train for a motor vehicle, having an internal com-
bustion engine and a hydraulically shiftable transmission
unit, an input of which can be connected via a clutch arrange-
ment to a crankshaft of the internal combustion engine and an
output of which can be connected to driven wheels of the
motor vehicle, the crankshaft being connected, furthermore,
to a pump shaft which drives a pump arrangement for a
hydraulic arrangement, by means of which the transmission
unit is at least one of shifted and lubricated, the pump shaft
being connected, furthermore, to an electric machine,
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the pump shaft being connected to the crankshaft via a
constrained motion mechanism, the electric machine
being arranged in an axial direction between the con-
strained motion mechanism and a pump of the pump
arrangement, wherein the pump arrangement has a first
pump which is connected to a first hydraulic system for
the clutch arrangement and a second pump which is
connected to a second hydraulic system for the transmis-
sion unit, and wherein the electric machine is arranged in
the axial direction between the first pump and the second
pump.

2. Drive train according to claim 1, wherein the electric

machine is arranged coaxially with respect to the pump shaft.

3. Drive train according to claim 1, wherein the crankshaft
is connected to the pump shaft via a first freewheel.

4. Drive train according to claim 1, wherein the electric
machine is connected to the pump shaft via a second free-
wheel.

5. Drive train according to claim 1, wherein the drive train
is configured as a hybrid drive train which has an electric drive
machine for driving the motor vehicle.

6. Drive train according to claim 5, wherein the electric
drive machine is connected to the output of the transmission
unit.

7. Drive train according to claim 1, wherein the electric
machine is configured as an internal-rotor machine.

8. Drive train according to claim 1, wherein the electric
machine is configured as an external-rotor machine.

9. Drive train for a motor vehicle, having an internal com-
bustion engine and a hydraulically shiftable transmission
unit, an input of which can be connected via a clutch arrange-
ment to a crankshaft of the internal combustion engine and an
output of which can be connected to driven wheels of the
motor vehicle, the crankshaft being connected, furthermore,
to a pump shaft which drives a pump arrangement for a
hydraulic arrangement, by means of which the transmission
unit is at least one of shifted and lubricated, the pump shaft
being connected, furthermore, to an electric machine,
wherein the pump shaft is connected to the crankshaft via a
constrained motion mechanism, the electric machine being
arranged in an axial direction between the constrained motion
mechanism and a pump of the pump arrangement.

10. Drive train according to claim 9, wherein the electric
machine is arranged coaxially with respect to the pump shaft.

11. Drive train according to claim 9, wherein the pump
arrangement has a first pump which is connected to a first
hydraulic system for the clutch arrangement and a second
pump which is connected to a second hydraulic system for the
transmission unit.
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12. Drive train according to claim 11, wherein the electric
machine is arranged in the axial direction between the first
pump and the second pump.

13. Drive train according to claim 9, wherein the crankshaft
is connected to the pump shaft via a first freewheel.

14. Drive train according to claim 9, wherein the electric
machine is connected to the pump shaft via a second free-
wheel.

15. Drive train according to claim 9, wherein the drive train
is configured as a hybrid drive train which has an electric drive
machine for driving the motor vehicle.

16. Drive train according to claim 15, wherein the electric
drive machine is connected to the output of the transmission
unit.

17. Drive train for a motor vehicle, having an internal
combustion engine and a hydraulically shiftable transmission
unit, an input of which can be connected via a clutch arrange-
ment to a crankshaft of the internal combustion engine and an
output of which can be connected to driven wheels of the
motor vehicle, the crankshaft being connected, furthermore,
to a pump shaft which drives a pump arrangement for a
hydraulic arrangement, by means of which the transmission
unit is at least one of shifted and lubricated, the pump shaft
being connected, furthermore, to an electric machine,
wherein the pump arrangement has a first pump which is
connected to a first hydraulic system for the clutch arrange-
ment and a second pump which is connected to a second
hydraulic system for the transmission unit.

18. The drive train of claim 17, wherein the electric
machine is arranged coaxially with respect to the pump shaft.

19. Drive train according to claim 17, wherein the electric
machine is arranged in an axial direction between the first
pump and the second pump.

20. Drive train according to claim 17, wherein the crank-
shaft is connected to the pump shaft via a first freewheel.

21. Drive train according to claim 17, wherein the electric
machine is connected to the pump shaft via a second free-
wheel.

22. The drive train of claim 17, wherein the drive train is
configured as a hybrid drive train which has an electric drive
machine for driving the motor vehicle.

23. Drive train according to claim 22, wherein the electric
drive machine is connected to the output of the transmission
unit.

24. Drive train according to claim 22, wherein the electric
machine is configured as an internal-rotor machine.

25. Drive train according to claim 22, wherein the electric
machine is configured as an external-rotor machine.
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